ABSTRACT
INTRODUCTION
Transparent and conducting metal oxides such as indium tin oxide (ITO) have been widely used as an essential element of various optoelectronic devices such as organic lightemitting diode (OLED) panels, touch screen panels, e-paper, and solar cells. Vacuum deposited ITO transparent electrode possesses good physical properties such as high optical transmittance and low sheet resistance as a transparent electrode for various optoelectronic devices [1] . However, it has several drawbacks such as brittleness and high processing temperature. Furthermore, the scarcity of indium resources makes ITO transparent electrode very expensive recently. Therefore, cheap, flexible, and solution-process able transparent electrodes have been required for the next generation of optoelectronic devices such as flexible solar cells and displays. Recently, new transparent electrode materials such as graphene, carbon nanotubes (CNT), and Ag nanowire (Ag NWs) films have been developed to replace the conventional ITO transparent electrode [4-6, 11, 12] . Among various ITO alternatives, Ag NWs films already showed the good optical and electrical performance comparable to ITO [9, 13, 14] . Ag NWs, prepared by polyol method, are facile and extremely low cost. Additional, Ag NWs films can be fabricated by many methods such as spin coating, bar coatings or spray coating but one of the drawbacks of Ag NWs films is that it can be easily oxidized when being exposed to ambient condition for a long time. Therefore, thermal oxidation stability of the Ag NWs films is much poorer than the competing transparent conductors such as CNT and graphene with theoretical values of charge carrier mobility higher than 200 000 cm 2 /V and single layer graphene only absorbs about 2.3 % of visible light. Although the CVD grown graphene has been used in various application areas, we should address some obstacles, such as catalyst material, growth conditions, etching problems, transfer technical and the high cost of CVD graphene. Fortunately, CCG is usually prepared by using chemical method that is the most suitable for the largescale production of single graphene at low cost. However, the main drawbacks of these methods are the use of strong oxidizing agents make graphene sheets separating into small pieces (as shown in Fig. 1A 
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Therefore, in this work we demonstrate here experimentally the assembly of CCG with 1D Ag NWs. The benefits of using this hybrid films are not only to connect the CCG islands but also to protect the fiber Ag from oxidation [6, 8] . CCG/Ag NWs hybrid films with TCF characteristics can be comparable to that of ITO films (typically, Rs = 18 Ω/sq for an optical transmittance at λ = 550 nm T550 = 82.4 %). The authors have fabricated transparent electrodes at a low temperature by adding Ag NWs to CCG. The hybrid transparent electrodes on plastic films exhibited low sheet resistance, high transparency, and excellent flexibility. These studies on hybrid transparent electrodes demonstrate the potential for the fabrication of electrical devices on plastic films by continuous roll-to-roll processes using a simple, inexpensive, and scalable process. The goal of this study was to fabricate graphene hybrid films with a Ag NWs network on any arbitrary substrate. The process sequence of synthesizing CCG/Ag NWs hybrid films is illustrated in Fig. 2 . Ag NWs dispersion in deionized water is being sprayed on a precleaned polyethylene terephthalate (PET) or glass substrate, followed by a spraying process, to form conductive subpercolating network of Ag NWs. Then, several layer graphene films are spin coated on the top of the network of Ag NWs to form the final hybrid transparent electrodes. See experiment section for detailed information.
METHODS

Synthesis of Ag NWs, GO.
The Ag NWs material was synthesized by polyol method and GO (graphene oxide) material was prepared by modified Hummer method at our laboratory. More details were presented in our previous studies [2, 3] .
Optical transparency at the wavelength of 550 nm was measured using a UVVis spectrophotometer (JASCO Corp., Tokyo, Japan) with a glass or PET substrate as a reference. The morphology of the samples was observed using a scanning electron microscope (SEM) (JSM-6700F, JEOL Ltd., Tokyo, Japan) and Atomic force microscope (AFM) (University of Ulsan, Daehak-ro 102, Nam-gu, Ulsan 680-749, South Korea). The sheet resistances of the hybrid films (before and after bending test) were measured using the four-probe method.
Fabrication of hybrid CCG/Ag NWs electrode
The Ag NWs/CCG hybrid transparent electrode reported herein was fabricated on a glass or PET substrate with two steps. Firstly, Ag NWS is spray coated on the arbitrary substrate to form Ag NWS network. Secondly, GO solution is directly sequential spin coated on the Ag NWs network. Finally, this hybrid films are exposed to hydrazine and heated to 150 o C in the air condition to reduce to CCG films. In this report, we fabricated Ag NWS networks on the arbitrary substrates with the same concentration of Ag NWs and conditional procedure. Through changing the thickness of CCG on the substrate, five samples were obtained and labeled as: H1, H2, H3, H4 and H5. We also prepared 5 samples (only with CCG) with the same thickness corresponding with the thickness of CCG in the samples of hybrid and used as the reference. 
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RESULTS AND DISCUSSION
The morphology of the as-synthesized Ag NWs was determined by SEM image (Fig. 3) The Ag NWs is separated, majority with 40-50 nm diameter and upper 20 µm length, and the rest amount of nanoparticles is insignificant [2] .
In this proceeding, the improvement of good contact among AgNWs network is extremely important and the annealing temperature is the key for solving this problem. The heat treatment not only removed the remained PVP on the surface of the Ag NWs but also fused the Ag NWs together. Such that tight connections led to high conductivity. Fig. 4 showed the SEM image of the Ag NWs-CCG hybrid electrode in which the Ag NWs create conductive bridges between graphene sheets leading the efficiency in collecting and transporting carriers to the external circuits.
Fig. 4. SEM image of CCG/Ag
NWs on glass substrate demonstrate that the Ag NWs bridge line defects and line disruptions (scale 500 nm).
Fig. 3. SEM image of AgNW network
So these hybrid films show resistance 18 Ω/sq with T = 82.4 % at 550 nm (for glass substrate), while previously resistance of Ag NWS and graphene is 75 Ω/sq and 350 000 Ω/sq repectively. This improved the electrical conductivity of the graphene films up to 2000 times. To explain the vast improvement in the sheet resistance of a Ag NWs-CCG electrode, we also agree with the explanation of V.C. that the formation of an extended conjugated network with individual Ag NWs bridging the gaps between graphene sheets. The large graphene sheets cover the majority of the total surface area, while the Ag NWs act as wires connecting the large pads together [11] .
In Fig. 5 and Fig. 6 , the optoelectronic performances of the CCG/Ag NWs films and CCG films are further compared. From Fig. 5 , the transmittance of CCG/Ag NWs films are slightly reduced by 6 % ~9 %, which is due to the added layer of Ag NWs. In contrast, from Fig. 5 , the sheet resistance of the obtained hybrid films is simultaneously reduced and even lower than that of Ag NWs film. Therefore, another advantage of the coated Ag NWs can be concluded that it may play a role of increasing the conductivity of graphene film through its unique electronic properties.
Recently, to evaluate optical and electrical properties of the thin films, the concept of aspect ratio  DC / Op is often used. We conclude that the higher the aspect ratio, the better the properties of TCO thin film. The transmittance and sheet resistance for thin films are related by (1) expression, where  Op is the optical conductivity (here quoted at 550 nm) and  DC is the DC conductivity of the film [9, 10] . 
CONCLUSION
In this work, we report an inexpensive, fast and facile method to fabricate a flexible hybrid electrode from silver nanowires (Ag NWs) with CCG coating on an arbitrary substrate. These films significantly decrease the resistance of the bare CCG films and exhibited high optical transmittance (82.4 %) and low sheet resistance (18 Ωsq -1 ). Theỉr ratio of direct conductivity to optical conductivity,  DC / OP , is of 104 at molar ratio of 2:1 and at 170 o C annealing temperature. This condition is very close to that displayed TCO by commercially available ITO. Especially, the whole fabrication process is carried out at low temperature. The graphene films is spin coated directly on the substrate without transferring, therefore eliminating many troubles bring back from transfer method. 
